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EFFECTS OF ANTISPIN FILLETS AND DORSAL FINS
ON THE SPIN AND RECOVERY CHARACTERISTICS
OF ATRPLANES AS DETERMINED FROM
FREE-SPINNING-TUNNEL TESTS

By Lewrence J. Gale and Ire P. Jones, Jre
SUMMARY

The effects of antispin fillets and dorsal fins on the spin and
recovery characteristics of alrplanes have been determined from an
analysls of the results of spinning investigations of a large number of
models tested in the Langley 15-foot and 20-foot free-spinning tunnels.

The analysis indicated that when antispin fillets were ingtalled
on an alrplans, the fuselage area below the fillets became mors effective
in damping the spinning rotation (higher tail-damping ratio). Whether
or not fillets satisfactorily ilmproved recovery characteristics of a
glven design depended, with few exceptlons, upon the tail-demping power
factor of the design with fillets installed and upon the mass distribution
and relative demslity of the airplans. The results indicated that dorsal
fins generally had little effect on spin and recovery characteristics.

TNTRODUCTION

During approximately 13 years of operation of the Langley 15-foot
and 20~-foot free-spinning tunnels, model tests have been made for approxi-
mately 200 different military airplane designs to determine their gpin
eand recovery characteristics. During these tests the various flying
conditions of the airplans were usually investigated, and when the
rosults indicated that the spin and recovery characteristics: would be
unsatisfactory, dimensional modifications were made to the model and
recommended for the airplane such that the final design would possess
satisfactory spin and recovery characteristics. The recommsnded
modifications, in most cases, consisted of increasing the tail length,
ralsing the horizontal tail, or adding a ventral fin. For some cases,
however, these modifications were not considered feasible and other
modifications were studled. One such modification that was found
effective in improving the spin-recovery characteristics was the installa-
tion along the fuselage of narrow extensions of the horizontal stabilizer
deslgnated as antlispin fillets. An analysis of the results of tests
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of such f1llets has heen made In order to determine the important factors
governing their actlion.

On the baslis of very meager data, it was Indicated in reference 1 that
the action of antispin fillets was dependent upon making the fuselage
area below them effective in demping spin rotation (increasing tail-damping
ratio) and it was assumed that the unshielded rudder area was unchanged.
Data from 21 different models have been used in the present paper to
determine the action of fillets as regards damping of the spin rotation.
Consideration was also given to the possibllity that the fillet may in
gome cases shileld parts of the rudder and, consequently, reduce the
rudder effectiveness and that the wing a.nd fuselage may shield the fillst
and, thereby, reduce fillet effectivensss.

The independent effect of dorsal fins on the spin and recovery
characteristics has also been obtained from available data for 30 models.
Dorsal fins have usually been installed on spin-tunmnel models when, in
the course of development of the airplene, their installation was
deemed necessary from consideratlons of normal-flight stebility charac-
teristics.

SYMBOLS
p air density at a given altitude, slug per cubic foot
S wing area, square feet
b wing 'span, feet
W wolght, pounds
g acceleration of gravity (32.17 ft/secQ)
m mass, slugs (W/g)
B ailrplene relative-density coefficlent

Iy, Iy moments of insrtia about X and Y airplane body axes,
respectively, slug—feet

inertia yawinB—-moment paramster

TDR tail-damping ratio (reference 1)

URVC unshielded rudder volume coefficient (I;eference 1)
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TDPF tall-damping power factor (product of tail-demping ratio and
unshlelded rudder volume coefficlent, reference 1)

Q angle of attack, degrees
Q angular velocity about spin axis, revolutions per second
v rate of vertical descent, feet per second

0b/2V  spin coefficient

¢ angle between span axis and horizontal, degrees
U inner wing up
D imer wing down
q dynamic pressure, pounds per square foot (%pv%
c, rolling-moment coefficient <%°112§% momsn%)

it - t coefficient (Pi’ﬁching momem? Moments measured
“n piiching-moment costficlen ashb about body axes ‘
Cn yawing-moment coefficient <?awiggbmomen€>

METHODS

For the enalysis of the effectiveness of antispin flllets, the models
were separated Into groups based on the effect on the recovery charac-
torlgtics. The tall-damping power factors were computed for each model
with and without flllets installed in accordance with the method indicated
in reference 1, modified as a result of the present analysis, and plotted
as a functlon of the inertla yawing-moment parameter. In order to
separate the models In these plots according to fillet effectiveness,
various symbols were employed to indicate the degree of fillet effectiveness

on the model recovery characteristics. Plote were made for three relative-
density ranges. -

Because the data indicated that dorsal fins had little effect, no

detalled analysis was made to determine thelr action during the spin or
recovery.

- Tests

The steady-spin and recovery data used for the analysis in this
paper were obtained from investigations of specific alrplane models

e e gt 1 ¢ A= e ————— e e = -



h WACA TN No. 1779

in the Iangley 15-foot and 20-foot free-spimning tunnels.

The methods used for meking spin-tunnel tests are described in
reference 2, although in recent years the model launching technilque
has been changed from launching from a spindle to launching by hend.
Briefly, a model ballasted by means of lead woights to obtain dynamic
gimilarity to a full-scale alrplane at some altitude is launched by
hand with rotation into a vertically rising alr stream with the
controls set in a desired position. After a mumber of turns, the model
agsumes ite spin atbtitude and is maintained. at a specified level In the
tummel by adjusting the airspeed so that the model drag equals 1its
woight. After a number of turms in the establlished spin have been
photographed and timed, a recovery attempt 1s made by moving one or
more controls by means of a remote-control mechanismj if recovery 1s
effected, the model dives or glides into & safety net. The data cbtained
from the tests are converted to corresponding full-scale values by methods
described in reference 2. Maximum and intermediate control settings
are investigated. Airplane recovery characteristics are considered
satisfactory if the modsl recovers in 2 turns or less from the steady
spin when in the normal spinning control configuration (ailerons neutral,
elevator up, and rudder full with the spin) and if the model recovers in

2% turns or less even with small deviations from this control configuration.

A control configuration designated as the criterion spin indicates the
effect of small deviations from the normal spinning control configuratlion.
For the criterion spin, aillerons are deflected 1/3 of their full deflection
in the direction leading to slow recoveries, the elevator 1is set to only
2/3 of its full-up deflection, and recovery is attempted by reversal of

the rudder to only 2/3 full against the spin. The symbol = indicates

that the model required 10 turns or more for recovery or did not recover

at all.

Factors Considered

In order to determine the effectiveness of antispin fillets on a
given design, the spin-recovery data were compared for the model wilth and
without the fillets installed. This comparison was made for recovery
by full rudder reversel from the normal spimming control configuration
and for recovery from the criterlion spin.

/
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The models were separated into groups on the following basis:

Turns orlginally redulred | Turns required for recovery lgPPect of fillet
for recovery with fillets installed on recovery
5 or more 3%; or more None
5 or more 3 Slightly favorabls
3 or more 2,1—‘ Slightly favorabls
2% or more 2 or less Satlefactory
2 or 2% . 1% or less Satisfactory
21% l% or less Satisfactory
2 3/4 or less . Satisfactory

lAny recoverles within l/ 2 turn of one another were conslidered as indicating
no effect Inasmich as this is within the range of experimental error.

After the models were separated into groups indicated by the effect
on thelr respective recovery characteristics of antispin fillets, the
tall-damping power factor was computed, as previously indicated, for each
model with the flllets installed by use of the msthod described in
reference 1 whereby the fuselage ares under the fillet is considered
effective in damping rotation.

In an attempt to obtaln a more complete picture of the action of
antispin fillets 1n the spin, however, it was considered that:

(a) For steep spins, the waeke of the wing may shield part or all
of the f1llet and consedquently reduce or eliminate the area of the
fuselage under the flllet that ls effective in damping the spin rotation.

(b) For certain fuselage cross sections, the wake of the fuselage
may shield the fillet and consequently reduce the area of the fuselage
under the fillet that is considered effectlve In damping the spin rotation.

(c) For certain positions of the fillet in relation to the rudder,
the fillet may shleld part of the rudder that was previously unshielded
end thus reduce the unshielded rudder volume coefficient 1f angles of
attack and the sideslip engles at the tail of the spinning model are
taken into account.
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(d) When the £illet was faired into the fuselage in such a menner that
the forward end of the fillet was very narrow, thls end would probably
be ineffective in Increasing the damping ability of the fuselage aresa
under the flllet.

RESULTS AND DISCUSSION

Teble I lists same of the mass and dimensioral paramesters for the
models considered In the investigation as well. as their recovery
characteristics before and after fillet installation. For some models,
data are presented for more than one antispin fillet tested and, in
some cases, one antispin fillet was tested on a model for several
loading conditions. Sketches of antispin fillets that had a satisfactory
effect on spln-recovery characteristlics are presented in flgure 1.

In investigating the possible shielding of the fillet by the wing,
e weke line wms drawn from the trailing edge of the wing at the wing-
Puselage Juncture and made an angle with the wing chord which was 15°
less than the angle of attack. The value of the tall-damping power
factor was computed (see reference l), based on the area below the fillet
and outslde the wake line. For several of the models for which flllets
had a satisfactory effect on spln recoveries, consideration of possible
shielding of the fillets by the wing reduced the values of the tall-
damping power factor to such an extent that the value was below the
minimm velue of TDPF recommsnded to insure satisfactory recovery as
presented 1n reference l. It thus appeared that shielding of the
£illets by the wing was unlikely and for further calculations of TDFF,
this effect was disregarded.

In considering possible shielding of the fillets by the fuselage,
when located above the station of maximum thickness, and also possible
shlelding of the rudder by the fillets, use was made of the angle of
attack of the spin and of an average value of the sldeslip angle at
the tail of 12°. Calculations were made of the tail-damping power factar
based on the possible shielding of the Pillets by the fuselage (causing a
reduction of the tall-damping ratio) and of the possible shielding of the
rudder by the fillets (causing a reduction of the unshielded rudder volume
coefficient). Consideration of these factors reduced the value of TDPF
to such an extent for some models, for which fillets led to satlsfactory
rocovery characteristics, that the value was below the minimum value of
TDPF recommended to insure satisfactory spin recovery presented in
reference l. Fuselage shilelding of the flllets and f£1llet shielding of
the rudder were unlikely and, therefors, 'hhese effects were disregarded
for further calculations of TDPF.
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I% was recognlzed that if the fillet was faired into the fuselage in
such a manner that the forward end of the flllet was very narrow, this
faired part would probably be ineffective in increasing the dsmping ebility
of the fuselage area under the fillet. Accordingly, it was belleved that
goms minimum angle in the plane of the fillet, at which the fillet Joined
the fuselage at the forward end, should be used to determine the effective
1engt.h of the fi1llet. Inasmuch as ‘the minimm value of this angle was
12° for fillets which, In the present study, indicated satisfactory effects
on spin recovery, this angle was arblitrarily selected. For a fillet that
mede an angle of less than 12° with the fuselage at its forward end, the
area of the fuselnge under the fillet consldered as contributing to tail
damping was only that area under the largest posslble flllet within the
contour of the original fillet which faired Into the fuselage at an angle
of 12°. (See fig. 2.) Values of TDPF were recalculated for all models
having £f1llets Jolning the fuselage at angles less than 120 and a better
separation between models for which fillets had a satisfactory effect
and models for which flllets elther exhibited no effect or a small effect
(slightly favorable) was evident. This factor should, therefore, be con-
pldered in calculation of TDPEF when fillets are Installed.

Figures 3 to 5 Indicate the effects of antlspin fillets on the
recovery characteristics of the models for three relatlve-density ranges
end for various values of tall-damping power factor and Inertia yawling-
moment parameter. The reglons determined In reference 1 for satisfactory
and unsatlsfactory recovery characteristics are indicated in the figures.
The plotted values of tail-damping power factor were computed by conslder-
ing all the fuselage area under the fillet as contributing to tall damping
wlth the exceptlon of the area under: that part of the fillet meking an
angle of less than 120 with the fuselage; for these fillets, the method
proviously described and recommsnded for fubure use was employed. It
eppears from figures 3 to 5 that whether or not antispin fillets will sabis-
factorily lmprove recovery characteristics of & glven design will generally
depend upon the tail-damping power factor of the design with flllets
installed and upon the mass distribution and relative density of the air-
plane.

The results presented in figure 6 indicate that the addition of anti-
epin fillets, for the models considered in this investigation, usually
caused the angle of attack of the splnning model to steepen so that better
recoverles were generally made.

A few tests were made for a low-wing fighber-type airplene model
(model 5A) atbached to a rotary balance mounted in the Lengley 20-foot
free-gpinning tunnel. The rolling-, pitching-, and yawing-moment coef-
ficlente presented in figure T were measured with and wlthout the fillets
which had previously indicated a satisfactory effect upon recovery charac-
teristics during free-spinning tests. The tests were made for an angle

e e e mam mn e~ T e o A o b e = h_ - ¢ a = r————— == e - e e e



8 . ) NACA TN No. 1779

of attack range up to 90°, @b/2V was kept constant at a’ typical value of
0.30, and the wing tilt angle and the spin radius were maintained at zero.
The results Indicated that antispin £illets generally had little effect on
rolling and pitching moments, although at very high angles of attack »
fillets dld indicate a small nose-down pitching moment. Installation of
fillets generally created, at moderate and high angles of atteck, an anti-
spin yawing moment which for the particular model tested was enough to
eliminate the flatter of the two types of spin originally obtained without.
the fillets and thus insure raplid recoveries.

An investigation of spin resulits obtalned with the installation of
dorsal fins indicated that gemerally dorsal fins had little effect on the
gpin and recovery characteristics of the models. Inasmich as dorsal fins
had such & small effect on the spin recovery, data are presented only far
two typical models {one of which spins steeply and the other of which spins
flat) for which dorsal fins were installed. These data are presented in
table ITI. as are algo sketches of the dorsal fing.

CONCLUSIONS

Based on an analysis of the results of free-splnning-tunnel investi-
gations on numerous models for which antispin fillets and dorsael fins were
tested, the followlng conclusions were msde:

l. The effectiveness of antispin fillets for spin recovery appeared
to depend Primarily upon the fact that the fuselage ares bselow the fillet
became effective in damping the spin rotation. The portion of the fuselage
area effectlve in demping the rotation was all area below the fillet, except
that forward of the station at which the fillet Joined the fuselage at en
angle less than 12°.

2. VWhether or not antispin fillets satisfactorily improved recovery
characteristics of a glven design gensrally depended upon the tail-damping
Power factor of the design with fillets installed and upon the mass
distribution and relative density of.: the airplane.

3. Dorsal fins generally had little effect an spin and recovery
characteristics.

Langley Aeronautlcal Laboratory
Netlonal Advlsory Committee for Aercnautics
Langley Field, Va., October 11, 1948
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TABLE I.~ MASS ARD DIMFASIOHAL PAHAMMTERS FOB MIDELS TSED TN FITIET INVESTIGATION AND RESPACTIVE REOCVERY

CHABACYERTETT(S REF(RE AND AFTER FILLET IRMSTATLAYTOH

Tomms for Ieoovery Turne for reocovery

Modsel I_I."_EI TRYC (wg:mt (vﬁrmt (rgaant (fgt ) (u.tu'ba'h m°$"r:ﬁj:m e :;mem
2 Titlet) | filleb) | ioatallsd) | installed) | altituds) | enot Wm | weiboot vy

£illst fillat rillet rillat

1 |-148x 207 jo.00096 [o.0ese | m67x 206 | o0.0363 | 383 x 20 13,12 | aeeem - i B 1%, 2
o | -188 om0 | oo | aw ok | 2 o1y 2% SN [N B [ 1%‘ 8, 5

= B - 03 om0 | .0209 | @b ohsk | a7Ty 18.2 e ———— o 1%, £, a.la.

O 390" | .0209 | Gk 0k | 1393 T — opees - e, 8, 3¢
3 |-1ke 0033 | .om3 ko 0226 9 2.5 * > B IR IR
3B | -Lk2 0033 | .om13 | ko 0301 | 106 29,5 - i |- —_—
e30 | .2k o0 | .ome | e .083 568 25.5 ‘%, 1 1, 13 i ———
Mo |-z 00511 | L0085 | 146 03Th 191 s | M 1"% .°:‘:%,°:¢1% SRR [ —

) b,o)%‘-b,oa .

B |-129 00511 | 0283 | 246 okl | o3 17.65 b’%ﬁ% ooty 0,8y | eeee- -
W 001 | L0385 | W6 oh37 | 23 17.65 b,::é, | Towmn | = 1, 1
ko -90 00911 | J020s 46 0437 on 17.63 b‘c‘; h"? 0:5}, LN Y — ————n
he -, L0051 | L0e8s 1h6 JORGh 22 17.63 8, 'i ——— ——
S - 00311 | .0ef5 | K6 -ok9a 25 17.63 e °i1 —_— | e

Sy1thout £111lab, recoveries from &ll sontral sottings expapt norwal oonbrol oonfiguration and ailsroo-with, elevator-up setting wers unsabig-

faotory,

Flllet ingtallation omussd reoorerias from those spins to be very eatisfeotary.
types of opin.
ORacovery attempted bafare finsl aboap aftitade was attwined.

r of two types of apin cbteined withouh fillsts was alinminsied with £1llets installed.
SElavator neutmal.
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TAELE I.- HA3S AHD ITMEESTOMAL PARAMETERY FOR MODELS UHKD IN FIILET INVESTIGATICH AND RESPRCTIVE RECOVERY

CEARAOTERTSTICS BEFORE AND AFFER FILLET INSTALIATION - Contimied

' Tuwme for recovery Turna for recovery
required for normel required for criterion
- R s v TOEF M
el X" 7T | vmyo |(withont| (withous | (eillet (1110t | (at test|  Oo0trol comfigamtion apin
ub? f£111at) | £1l1et) |installsd)| installsd) [altituds)| 1nipoub With | Without _.
f1llet fillet | rillet £111et
sA |-237 x 10| 0.00948 | 0.0292 |eT7 x 10°6| o.ohoh |368 x 20°6| 17.65 | R, % | f8teep eptn | seemee | e
5B |-137 .005%8| 0292 |277 .528 |00 65 | Bk, ”"’E- "% .............
b
50 {-137 .00948| .0e92 |o77 0395|373 .65 | B, ’°§ %6 | e | e
6a |-117 -0109 | 01702186 0209 | 229 10.60 P 1 bhﬁ Phz S, a2
e & 2
é |-zi7 .l03 | .onfoe(186 o261 | 28k 10.60 1 2 54%1} | el
h,Ol 'b, 1 b b
M| -T2 .63 | .0220 |359 0351|572 13.77 0 b:’%'bbe O T N
: By01d, Byop ' %’ .-5% 1, 2%
b,0, b,0,1
™| -T2 0163 | .0200 (379 0465 [ TRT mer | TR , 01 L, % 1-3'
1’:“1&: b'°2 .
.'b,ul 'b,GJEl 1 N b .bal
7C | -T2 0163 .0220 |359 «0h31 | TOM 15.77 ! >1.5 k, AE 3%‘: o
‘ b,oﬁq b,op Btoep epin
bryg ' A7

typon of spin.
“Hecovery attemptod before final mtesp attitudo was abtainsd.

driattar of two types of spin obbtainsd without £11lets wes oliminated with fillets installed.
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TABLE T.- MASS AND DIMENSIONAL PARANFTERS FOR HODFIS USED IN FILLET INVESEIGAYION AND EESFECIIVE RECCVERY

OHARACTEHISTICS BEFORE AND AFTER FILLET IROTALIATION - Contdimusd

ﬁm&wﬂn oms Tor Iecovery
re for no ro@mired for oritsrion
Iy - T R ey R FTEY u
Motel| XY | URVC [withont| (without| (fillet | (cillet | (ab tost] OOk omfigumilm opn
2
»b f106t) | rillst) | tnetalled] insballed)|altdtudo) yithout With | Without With
1110t r1l1et | rillet fillet
184 in
8 | -28 x 20°4]0.01239 | 0.0223 (54 x 10°6| o0.03% [ho9 x 2076 | 16.63 gt sin, 1Bpm’ _______ e
2
Latt spin Laft spin
Right epin,
&g | 28 01139 | 0223 |emh 00T k63 15.63 |Right apin, m =, m——— ——
9 [-1a7 .00 | .o1702|186 L0261 |28l 17.%0 1%,1% :.% b:% >1%
o | -48 LU0 | L0147 [2%0 .0383 [657 17.54 = 5% SRR [
b
1A | -63 .ooch | 025 |236 - 0525|493 18,86 | ememeem | oo ’“} 2, 33
b1
5
1 | -63 ook | 025 |e36 Lh35 |hod 18,56 | oo — b"% 3% 3
B
%
fiew | -7 WOLk6 | L0135 |197 o241 352 ST S I— R [ T
Tim | -7 .0k6 | .013% |197 025% 371 15.3 ——— S SR O,

PPwo types of apln,
SHecovery ntteapted Defore final steep attituds was attained.

fmmummmrummmmmﬂmfmmmmwm@m; analysia to dstermine fillet effeot
mds on basls of othar unpreseatsd dsta.

.
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TAELE I.~ MASS AHD NIMERSIOUAT PARPANPTESS FOR HODELS USED IN FIILFF INVESTIOATTON AND RESPECTIVA RECOVERY

CHARACTERTENTOS AEFORE AND AFTER FILIKF TRATATIATION « Concluded

§
:

&m .

Turns for recorery Torna for recovery
required for norml required for ariteriom
. IR s 2 R Gy ) mn ocombrol 1
Hodal - Iy TEVO {wvithout | (without (£1l1st (#111et (ot tomt oot o epin
mb® fillet) | fillet) ingtalled)| installed) | altdtuds) W theh with W1 thont With
£11let £illat £1llst rillst
13 -56 % 107+ | o.o062 | c.oeom9 | 189 x 1076 0.0317 196 x :Lo"s 14.8 ® 3%, 1%, [ o -
i | -62 L00578°] L0206k | 1h0 .02Th 176 10.43 ~— (£} —— (£}
s | -52 L00678 | .o206k | 1ko 0385 10.83 " 322-, J;.g I ———
15 -o7 00066 | o162 | 1% O34k 335 18.3% :333 "—a% ————— ——
. 2
16 8 J06h5 .01338 | 1e0 L0348 oo 16,5 ——— (r) ————— )
1A | -18 00975 | .06 02 0371 362 H.9 'D-,la, ba 9;2., g% w _:%,, 3%
Stoop spin
B | -18 05ms | .oo06 | eoe .OhT8 M55 2.9 5L, b8 ——— - h,ﬁ’; )
Bteop epin
B,l Bg
17C -18 00575 10206 208 ) kT8 L&s 2.9 o’ -———— © ¥
Sbeap spdn
- ] . . . Vandaring and o I
18 36 0o77R | L0295 | 177 o495 3% 16.91 ey v A%
epin
1.1 :
194 6.3 0268 0358 | 186 0602 159% 19.67 , 2 u, ¥ 2, E%' s 2
6.3 0265 | 0398 | 10%6 .0610 1618 15.67 , 2 1, 3 Y 2 2,
@ | -38 2013% | L0172 | 234 .0319 428 12,25 —— | e = >
214" | ~ho 0126 | .osm | 7R 0195 7 7.5 >, % a2, 3 al, o 4, 3,5
Ty, by
aB | -ho 26 | L0057 | TR -0253 39 T-5 >, >o g of, o - 6
Vory stasp }
£pin
brgo types of spin.
Srlattar of two iopes of epdn cdiained withowt Iillsts Was oliwminated with filleta installed.

not availsble for normml omiral amfigiration for spimning ar oriterion sping analysis to dotermine fillet offect made oo banis
of othar pnprecentod
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mmmmmmwm&mwmm

TABLE II.-
Alleron Reutral 1/3 against
Hlgvator Full up 2/3 wp

Radder Full agalnat Full with .

Conditian| Without | Dorsal HWithout | -Dorsal
dorssl | ingtalled | dorsel | installed

«, a8 | 55 58 55 58
v, fpa | 207 2 200 20
Turns

5,5

Aleron 1/3 with .
Elevator 2/3 up
Rudder Full with

[Condition]| Without Dorsal
dorsal installed

o, deg ]2:% ﬁ

pio)
#, deg kp Zg

g, rps 0.30 0.30
v, fps | 34k, Lo | 360, 387

e | 2% ] %3

Tor

| | 2

8Rscovery attempted by reversing
rodder from full with to 2/3
against the spin and elsvator
from 2/3 up to 1/3 down.

bnemwattmtodbyrevarsm.g
the rudder from full with the
spin to 2/3 against.
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Model |

M'odel 58

[ —t

+

Model 3C . Model 6B

@

Figure 1.- Sketches of antispin fillets that hed a satisfactory effect on the spin and recovery
characteriatics. (Model nmumbers refer to those given in table I.)
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16 NACA TN No. 1779
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Figure 2.- Sketch of fillet for which not all the fuselage area below
the Fillet is considered effective in damping the spin rotation.



Tail-damping power factor

NACA TN No. 1779 17
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Flgure 3.- Effect of antispin fillets on the recovery characterlstics
of alrplanes wlth relative densities of 15 or less as relsted to
requirements for tall design for satisfactory spln recovery.
(Nurbers placed near symbols refer to models listed in table I.)




Tall-damping power factor
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) Figure 4.- Effect of antispin fillets on the recovery characteristics

of airplenes with relative densities greater then 15 and as much
as 20 as related to requirements for taill design for satisfactory
spin recovery. (Numbers placed near symbols refer to models listed

in table I.)




Tall-damping power factor

NACA TN No. 1779 19
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Figure 5.~ Effect of antispin fillets.on the recovery>characteristics

of airplanes with relative densities greater than 20 as related to
requlrements for tall design for satisfactory spin recovery.
(Fumbers placed near symbols refer to models listed in teble I.)
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a, deg (with fillets)
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Figure 6.- Effect of antispin fillets on spin angle of attack. (Numbers
placed near symbols refer to models listed in table I.)



Rolling-moment coefficlent, C3

Pltching-moment coefficient, Cp,

Yawing-moment coefficient, Cp

NACA TN No. 1779 21
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Flgure T.- Effect of antispin fillets on the rolling-, pitching-, and
Yaving-moment coefficlents of a low-wing fighter-type airplane
model (model 5A). The wing t1lt angle and the spin radius were

maintained at zero; ‘g% = 0.30.
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